An everlasting youthful appearance has been pursued by humans of nearly all cultures for several centuries. Aging is an inescapable part of human life that leaves traces on the face in the form of wrinkles and sagging skin.^[@CIT0001],[@CIT0002]^ As life expectancy increases in many parts of the world, a youthful appearance has become even more highly valued,^[@CIT0003]^ and considerable efforts are being devoted to improving and correcting facial aging.

As soft tissue ages, changes involving the nasolabial region are closely associated with changes in the midface. Facial aging is most noticeable in the increased prominence of the nasolabial folds, a function of thinning soft tissues superficial to the levator labii superioris and zygomaticus major muscles, loss of the malar fat, including the medial, middle, and lateral temporal cheek fat, and secondarily, sagging skin above the malar fold.^[@CIT0006]^

Correction of these manifestations of facial aging has long been the exclusive field of plastic surgeons and dermatologists, with interventions including injections with botulinum toxin, chemical peeling, dermal fillers, facelift, laser treatment, browlift, and eyelid surgery.^[@CIT0007],[@CIT0008]^ However, there is increasing interest in reducing facial aging by alternative approaches, such as facial acupressure, facial acupuncture, and, especially, through exercises aimed at strengthening, moving, and manipulating the facial muscles.^[@CIT0007]^ These alternative approaches are less invasive and less expensive, and they can usually be performed by nonmedical specialists.^[@CIT0008]^

However, the efficacy of facial muscle exercises for facial rejuvenation is controversial. Some researchers have concluded that these exercises are an effective way to reduce wrinkles and sagging skin.^[@CIT0009],[@CIT0010]^ For example, van Lieshout et al^[@CIT0009]^ reported a direct correlation between improved skin elasticity in weakened and sagging facial skin and increased facial muscle exercise (FME). The skin may benefit from FME through improved tissue regeneration and enhanced drainage of waste materials via increased lymph and blood circulation.^[@CIT0010]^ Yet, other studies have reported adverse effects of FME.^[@CIT0011]^ According to Roizen and Oz,^[@CIT0011]^ wrinkles result from repetitive movements of the skin, specifically, repeated contraction of the facial muscles, combined with the loss of elastin and collagen with aging. FMEs that involve repeated folding of the facial skin might therefore induce or aggravate, rather than lessen, the formation of wrinkles.^[@CIT0011]^ Excessive manipulation or massage of the skin may increase the loss of elasticity, thereby also promoting facial skin wrinkling and sagging.^[@CIT0012]^

Previous studies suggested FME reduces vertical wrinkles above the upper lip by training the middle part of the superior orbicularis oris muscle. Other exercises have been aimed at reducing the depth of the nasolabial folds by training the zygomaticus major muscle and at eliminating a double chin while obtaining a more defined jawline by training the suprahyoid muscles.^[@CIT0009],[@CIT0010]^ However, the majority of studies on FME have assessed the outcome nonquantitatively, such as by questionnaire^[@CIT0015]^ visual observation,^[@CIT0018],[@CIT0019]^ or self-reported patient satisfaction.^[@CIT0020]^ In the absence of studies showing that FME actually improves facial muscle thickness (FMT), more precise investigation of the potential benefits of FME on the facial muscles are needed.

The Pao device (MTG, Nagoya, Japan) was designed to train the muscles around the mouth ([Figure 1](#F1){ref-type="fig"}). It involves simply holding the device in the mouth and rocking it by nodding the head, such that the bilateral balance weights begin to swing. The Pao device was devised to simplify exercise requirements and to offer a more standardized approach to FME.^[@CIT0009]^ However, very few studies have examined the effectiveness of FME using the Pao device (FMEuP) for facial rejuvenation.

![Facial muscle exercise using the Pao device demonstrated on a 30-year-old woman. (A) The mouthpiece of the Pao device is held in the center of the mouth using the lips; (B) the oscillatory movement of the Pao device resulting from nodding.](sjx23801){#F1}

The purpose of this study was to evaluate effectiveness of FMEuP on facial rejuvenation. FMT and cross-sectional area (CSA) were measured by sonography; facial surface distances, facial surface areas, and facial volumes using a laser scanning system (LSS), and wrinkles and jawline sagging by the Wrinkle Severity Rating Scale (WSRS) and Face Visual Scale (FVS), respectively. We hypothesized that, after FMEuP, FMT and facial muscle CSA would increase, while facial surface distances, facial surface areas, and lower face volumes would decrease.

METHODS {#s7}
=======

Subjects {#s8}
--------

Fifty women who met our inclusion and exclusion criteria were recruited in Korea ([Table 1](#T1){ref-type="table"}) from those who filled out a questionnaire (Appendix A) and answered positively concerning nasolabial folds or skin sagging around the mouth or jawline. We advertised recruitment of this study for the general public in Wonju city, Korea. We checked whether or not the participants were concerned with nasolabial folds or skin sagging around the mouth or jawline among the general public in Wonju city who volunteered to participate in answer to an advertisement. The exclusion criteria were (1) history of dermatological interventions on or around the mouth or jaw, such as laser treatment, chemical peels, injection of botulinum toxin, and dermal fillers, during the past 3 years; (2) history of plastic surgery on or around the mouth or jaw during the past 3 years; (3) history of cosmetic enhancement through FME; (4) history of smoking; and (5) dimpled face. All participants signed an informed consent form regarding the potential risks and benefits of FMEuP. This study was approved by the Yonsei University Wonju Institutional Review Board. The study protocols were approved by the Yonsei University Wonju Campus Human Studies Committee in February 2016 (1041849-201607-BM-036-02).

###### 

Characteristics of the Study Participants

  Characteristic    Mean ± SD (N = 50)   Range
  ----------------- -------------------- -----------
  Age, years        40.0 ± 10.0          30-63
  Body height, cm   160.3 ± 14.6         153-170
  Body mass, kg     59.5 ± 8.3           44.1-75.7
  BMI, kg/m^2^      22.21 ± 2.83         1.53-1.7

BMI, body mass index; SD, standard deviation.

Instrumentation {#s9}
---------------

### Ultrasound Equipment {#s10}

Ultrasound images of the facial muscles (levator labii superioris, orbicularis oris, zygomaticus major, and, among the suprahyoid muscles, the digastric muscle) were obtained using a diagnostic ultrasound system (A35; Samsung Medison, Seoul, Korea) that included a 3-16 MHZ probe (LA3-16A). The mechanical index was set to 0.73 for the LA3-16A transducer. Sonography was performed at 95 dB using constant time gain compensation, and transmission gel applied to the facial area of interest. The transducer was always held vertically to the skin surface. The ultrasound equipment settings were held constant during the measurements.

### Facial Surface Scanning {#s11}

Facial surface distance, facial surface area, and facial volume were determined by facial surface scanning using the FastSCAN LSS (Polhemus, Colchester, VT), which probe is manually swept over the object by the operator in a manner analogous to spray painting. In this study, a Class A laser line scanner was swept repeatedly over the participant's face. The FastSCAN laser scanning software system collects data from the hand-held laser scanner and a 3-dimensional position reference transmitter to produce digital surface maps in real time. FastSCAN uses two cameras arranged symmetrically at an offset angle on either side of a centrally mounted laser generator. An electromagnetic tracker measures the position and orientation of the scanner in space, thus removing the need for a rigid mechanical scanning gantry.

Assessment {#s12}
----------

### Quantitative Measurements of Facial Muscle Thickness and CSA {#s13}

Ultrasonography scans were made of four mimic muscles on each side of the face: the levator labii superioris, orbicularis oris, zygomaticus major, and digastric (suprahyoid) muscles ([Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). Studies have shown that these facial muscles can be identified reliably.^[@CIT0021]^ FMT and CSA were quantified using the calculation system of the A35 application (A35; Samsung Medison, Seoul, Korea). The levator labii superioris muscle was scanned by holding the probe in the middle of a line between the corner of the mouth and the medial corner of the eye, beside the alar cartilage of the nose.^[@CIT0024]^ The probe was tilted slightly laterally, and the FMT of the muscle was calculated.^[@CIT0024]^ The orbicularis oris muscle was scanned by holding the probe between the columella and philtrum ridges and on the upper lip.^[@CIT0021]^ It was then positioned sagittally within the philtrum ridges,^[@CIT0021]^ and the FMT of was calculated.^[@CIT0022]^ The zygomaticus major muscle was scanned by holding the probe perpendicular to a line between the corner of the mouth and the zygomatic bone and against the zygomatic bone,^[@CIT0024]^ a position that allowed calculation of the CSA of the zygomaticus major muscle.^[@CIT0022]^ The digastric muscle, one of the suprahyoid muscles, was scanned by holding the probe perpendicular to a line midway between the mandible and the hyoid bone.^[@CIT0023]^ The CSA was then calculated.^[@CIT0023]^

![Measurement of the thickness of the levator labii superioris and orbicularis oris muscles using ultrasound images of a 30-year-old woman. (A) Anatomical position of the levator labii superioris muscle, (B) probe position for the levator labii superioris and muscle thickness of the levator labii superioris (C) initially and (D) after the sessions; (E) anatomical position of the orbicularis oris muscle, (F) probe position for the orbicularis oris and muscle thickness of orbicularis oris (G) initially, and (H) after the sessions.](sjx23802){#F2}

![Measurement of the cross-sectional area of the zygomaticus major and digastric muscles using ultrasound images of a 30-year-old woman. (A) Anatomical position of the zygomaticus major muscle, (B) probe position for the digastric muscle, cross-sectional area of the digastric muscle, (C) cross-sectional area of the zygomaticus major initially, and (D) after the sessions, (E) anatomical position of the digastric muscle, (F) probe position for the zygomaticus major, (G) initially, and (H) after the sessions.](sjx23803){#F3}

### Quantitative Measurements of Facial Surface Distances, Surface Areas, and Volumes {#s14}

The data collected by laser scanning were viewed and analyzed using Delta software (FarField Technology, Christchurch, New Zealand). Because of differences in the axis and location of the measured structures between before and after FME, both were determined using landmarks based on three points (center of Cupid's bow of the upper lip, contact spots under the ear lobe on both sides) in the registration process ([Figure 4](#F4){ref-type="fig"}).

![Calibration of the pre- and postsession axes and placement of the face scan data based on three landmark points in the facial registration process (A) before and (B) after calibration, demonstrated on a 44-year-old woman.](sjx23804){#F4}

The midfacial surface distances between the sagittal axis of the center of Cupid's bow of the upper lip and the sagittal axis contact spots with the ear lobe and chin were measured in the upper, middle, and lower transverse planes (upper: contact spot between the columella and philtrum; lower: center of Cupid's bow of the upper lip; middle: middle of two planes) ([Figure 5](#F5){ref-type="fig"}). The midfacial surface distances were measured bilaterally to confirm improvement of the nasolabial folds. The Delta software could target participants' facial surfaces with customized axis points using the Contours mode. In addition, a dot was placed at the meeting point between the sagittal axis along the center of Cupid's bow of the upper lip and the chin in frontal view. The jawline surface distance was measured between the meeting point of the sagittal axis in the center of Cupid's bow of the upper lip, the chin in frontal view, and the contact spots on the ear lobe and chin to confirm the improvement of jawline sagging (distance measurement of intrareliability: ICC = 0.894) ([Figure 6](#F6){ref-type="fig"}).

![Measurement of midfacial surface distances in the (A) upper, (B) middle, and (C) lower transverse plane using Delta software, demonstrated on a 44-year-old woman.](sjx23805){#F5}

![Measurement of the jawline surface distance using Delta software demonstrated on a 44-year-old man. (A) Frontal, (B) oblique, and (C) side views.](sjx23806){#F6}

Facial surface area and volume were measured using the quadrants mode to assess changes in jawline sagging ([Figure 7](#F7){ref-type="fig"}). The Delta software divided the laser-scanned face into four quadrants, measuring surface area and volume within each one, based on the corner of the mouth on the right and left sides (intra-reliability of the surface area and volume measurements: ICC = 0.998 and 0.998, respectively).

![Measurement of facial surface area and volume in of the lower quadrants using Delta software demonstrated on a 44-year-old man. (A) Right and (B) left sides.](sjx23807){#F7}

### Wrinkle Severity Rating Scale {#s15}

The wrinkle severity rating scale (WSRS) is a validated 5-point scale where 1 = absent, 2 = mild, 3 = moderate, 4 = severe, and 5 = extreme wrinkling of the skin (intra-reliability of the WSRS: ICC = 0.840). This scale is based on the current assessment rather than on a comparison with the pretreatment appearance determined from a facial photograph. Scoring is based on visual assessment of the length and apparent depth of the nasolabial folds, without reference to a baseline or to the pretreatment appearance. In the present study, the WSRS was determined by a blinded independent observer asked to judge randomly ordered facial photographs. The independent observer is an office staff member and researcher for facial muscle rehabilitation. The order in which the facial photographs were shown to the independent observer was randomized using a random number table created using a randomization generator ([www.randomization.com](http://www.randomization.com)).

### Face Visual Scale: Wrinkles and Jawline Sagging {#s16}

The face visual scale (FVS) is a subjective instrument measuring patient satisfaction. Six selected studies have shown a significant mean improvement based on a 0 to 10 scale in participants receiving skin treatment such as hyaluronic acid, fractional YAG laser, and intense-pulsed light treatment.^[@CIT0025]^ Evaluations in the present study included two self-assessments (jawline sagging and wrinkle satisfaction) and self-rating of jawline sagging and wrinkles. (0 = very good, 10 = very poor) before and after FME.

Procedures {#s17}
----------

This study was performed as follows for 3 months from June to September 2016. First, during a presession, all participants were asked to assess themselves in front of a mirror, using the FVS to assign a score for wrinkles and jawline sagging. Second, all participants were photographed in a standardized manner in the frontal plane. Illumination was from artificial light and the built-in flash of the Canon 750D camera only. The distance from the tip of the participant's nose to the lens of the camera was 150 cm. The height of the tripod was adapted to the participant's height. All participants sat in the same chair in front of the same white background and wore no make-up. They were asked to sit upright with a straight back and to maintain a neutral facial expression. Third, the faces of all participants were scanned using the LSS to measure facial surface distance, surface area, and volume. A standard protocol was implemented to reduce variation and unwanted scan artifacts during laser scanning of the face. During scanning, all overhead lights in the vicinity were turned off to reduce light artifacts ([Supplemental Figure 1](#sup1){ref-type="supplementary-material"}). Participants were asked to sit on a wooden chair, using its attached wooden plate to support their head and back, and to remain motionless in the sitting position with eyes closed during laser scanning. The LSS transmitter was placed on the wooden plate within 10 cm of the individual's head. Laser scanning was performed by sweeping the face with the hand piece. Completion of the surface laser scan was confirmed based on the real-time raw facial surface image displayed on the system's laptop. The laser scan data were saved on the laptop and processed using the Delta software. Fourth, FMT and CSA were measured ultrasonographically. All participants were examined in the supine position and were completely relaxed. During the examination, directed contraction of facial muscles was used to confirm the correct position of the transducer. To reduce systematic error arising from muscle compression, the pressure between the probe and skin was minimized prior to image acquisition. Fifth, the participants were educated about the FMEs, including their correct performance. The participants also received written instructions and a video for each exercise, along with advice on how to incorporate training into their daily routine. Participants were instructed to form an "O" with their mouth and hold the mouthpiece of the Pao device, located in its center, with their lips, making sure that force was evenly applied by the involved facial muscles. Nodding the head up and down causes the weighted ends of the Pao bar to swing. The weights were regulated to 23 g. FMEuP was performed twice a day for 30 seconds for 8 weeks. Adherence to this schedule was confirmed by telephone two times a week and the participants were encouraged to perform FMEuP at least 6 days a week.

The subjects did not undergo dermatological interventions, and plastic surgery on or around the mouth or jaw in the time between when the pre-and postfacial muscle exercise. Before experimental procedures, we notified the subjects to refrain from dermatological interventions and plastic surgery on or around the mouth or jaw. Also, we recruited the subjects who have not experienced dermatological interventions and plastic surgery on or around the mouth or jaw.

After 8 weeks, the measurements performed as described above were repeated. For each participant, the instrument settings remained the same as during the presession ([Figures 8](#F8){ref-type="fig"} and [9](#F9){ref-type="fig"}).

![A 44-year-old woman (A) before and (B) 8 weeks after facial muscle exercise using the Pao device.](sjx23808){#F8}

![A 51-year-old woman (A) before and (B) 8 weeks after the facial muscle exercise using the Pao device.](sjx23809){#F9}

Statistical Analysis {#s18}
--------------------

All statistical analyses were conducted using SPSS ver. 18.0 software (SPSS, Chicago, IL). A *P*-value of 0.05 was considered to indicate statistical significance. The Kolmogorov-Smirnov Z-test was used to verify the assumption of distribution normality. Descriptive statistics were used to analyze the sonography and facial laser scanning data, which were normally distributed. The ICC (3, 2) model was used to test intrarater reliability for measurements of surface distance, area, and volume. The WSRS scores based on photos and the FVS (wrinkle and jawline sagging) for self-assessments before and after FME were compared using Wilcoxon signed-rank tests. The quantitative data on levator labii superioris and orbicularis oris muscle thickness and the CSA of the zygomaticus major and digastric muscle values pre- and post-FME were compared for both sides using paired Student *t* tests. The quantitative data on the midfacial surface distances in a 3-directional transverse plane, consisting of jawline distance, quadrant surface area, and volume based on the corner of the mouth, were compared in paired Student *t* tests for both sides of the face before and after FME.

RESULTS {#s19}
=======

The 50 women (mean age, 40.0 ± 10.0 years; range, 30-63 years) completed the protocol and provided data for analysis.

Quantitative Measurements of FMT and CSA {#s20}
----------------------------------------

[Table 2](#T2){ref-type="table"} shows the mean (standard deviation) of FMT pre- and post-FME. The CSA of the zygomaticus major muscle increased significantly on both sides (right: *P* \< 0.001, left: *P* = 0.015) after, compared with before, FMEuP. The bilateral increase in the CSA of the digastric muscle was also significant (right: *P* = 0.003, left: *P* = 0.001). The FMT of the levator labii superioris increased significantly on the right side (from 0.126 to 0.136cm; *P* = 0.006) compared with before FME, but not on the left side (from 0.125 to 0.128cm; *P* = 0.230). The pre- vs post-FMEuP values for the FMT differed significantly on the left (from 0.212 to 0.228 cm; *P* = 0.019) but not on the right (from 0.227 to 0.235cm; *P* = 0.183) side of the orbicularis oris muscle.

###### 

Comparison of the Thickness and Cross-Sectional Area of the Facial Muscles Before and After Facial Muscle Exercise Using the Pao Device

  Muscle                         Side            Before          After           *P*
  ------------------------------ --------------- --------------- --------------- -------
  Levator labii superioris, cm   Right           0.126 ± 0.023   0.136 ± 0.026   0.006
  Left                           0.125 ± 0.019   0.128 ± 0.021   0.230           
  Orbicularis oris, cm           Right           0.227 ± 0.041   0.235 ± 0.041   0.183
  Left                           0.212 ± 0.042   0.228 ± 0.036   0.019           
  Zygomaticus major, cm^2^       Right           0.772 ± 0.058   0.822 ± 0.063   0.000
  Left                           0.773 ± 0.052   0.802 ± 0.064   0.015           
  Digastric muscle, cm^2^        Right           0.750 ± 0.126   0.799 ± 0.130   0.003
  Left                           0.740 ± 0.123   0.797 ± 0.126   0.001           

SD, standard deviation.

Quantitative Measurements of Facial Surface Distances, Facial Surface Areas, and Volumes {#s21}
----------------------------------------------------------------------------------------

[Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} show the mean (standard deviation) facial surface distance, surface area, and volume pre- and post-FME. The midfacial surface distance in the midtransverse plane (midpoint between the contact between the columella and philtrum and the center of Cupid's bow of the upper lip) was significantly lower on both sides (right: *P* = 0.005, left: *P* = 0.047), as were the midfacial surface distance in the lower transverse plane (center of Cupid's bow of the upper lip; right: *P* = 0.028, left: *P* = 0.019) and the jawline surface distance (right: *P* = 0.004, left: *P* = 0.003). However, the difference between the pre- and post-FMEuP measurements of the midfacial surface distance in the upper transverse plane (contact spot between the columella and philtrum) was not significant, bilaterally.

###### 

Comparison of Facial Surface Distance, Determined Using the Laser Scanning System, Before and After Facial Muscle Exercise Using the Pao Device

  Distance, mm                                                 Side              Before            After             *P*
  ------------------------------------------------------------ ----------------- ----------------- ----------------- -------
  Midfacial surface distances in the upper transverse plane    Right             130.103 ± 7.040   129.564 ± 7.031   0.358
  Left                                                         130.131 ± 7.175   130.676 ± 7.957   0.344             
  Midfacial surface distances in the middle transverse plane   Right             126.717 ± 7.609   126.302 ± 7.553   0.005
  Left                                                         126.525 ± 7.875   126.129 ± 8.000   0.047             
  Midfacial surface distances in the lower transverse plane    Right             126.357 ± 6.984   125.942 ± 6.947   0.028
  Left                                                         125.822 ± 7.510   125.323 ± 7.551   0.019             
  Jawline surface distance                                     Right             130.892 ± 7.637   129.544 ± 8.404   0.004
  Left                                                         130.046 ± 8.242   128.671 ± 8.499   0.003             

SD, standard deviation.

###### 

Comparison of Facial Surface Area and Volume, Determined Using the Laser Scanning System, Before and After Facial Muscle Exercise Using the Pao Device

  Surface area and volume in the lower facial quadrants^a^   Side              Before            After             *P*
  ---------------------------------------------------------- ----------------- ----------------- ----------------- -------
  Surface area, cm^2^                                        Right             22.615 ± 7.446    22.144 ± 6.756    0.005
  Left                                                       21.249 ± 8.012    20.491 ± 8.011    0.006             
  Volume, cm^3^                                              Right             29.887 ± 16.230   28.992 ± 16.487   0.001
  Left                                                       27.127 ± 15.111   26.533 ± 14.760   0.002             

^a^With respect to the corner of the mouth.

SD, standard deviation.

The surface areas of the lower quadrants based on the corner of the mouth were significantly lower on both sides (right: *P* = 0.005, left: *P* = 0.006), as were the volumes of the same lower quadrants (right: *P* = 0.001, left: *P* = 0.002).

Wrinkle Severity Rating Scale {#s22}
-----------------------------

As shown in [Table 5](#T5){ref-type="table"}, the mean (standard deviation) of the WSRS pre- and post-FME was 2.582 ± 0.629 and 2.370 ± 0.708, respectively. The decrease was significant (*P* = 0.025).

###### 

Wrinkle Severity Rating Scale, and Facial Visual Scale Scores Assessing Wrinkles and Jawline Sagging Before and After Facial Muscle Exercise Using the Pao Device

  Assessment tool                        Before          After           *P*
  -------------------------------------- --------------- --------------- ---------
  Wrinkle Severity Rating Scale          2.582 ± 0.629   2.370 ± 0.708   0.025
  Facial Visual Scale: wrinkles          3.855 ± 1.715   5.130 ± 1.493   \<0.001
  Facial Visual Scale: jawline sagging   4.000 ± 2.082   5.407 ± 1.666   \<0.001

SD, standard deviation.

Face Visual Scale: Wrinkle and Jawline Sagging {#s23}
----------------------------------------------

[Table 5](#T5){ref-type="table"} also shows the mean (standard deviation) FVS values (wrinkle and jawline sagging) as self-reported by the study participants pre- and post-FME (3.855 ± 1.715 and 5.130 ± 1.493 for wrinkles and 4.000 ± 2.082 and 5.407 ± 1.666 for jawline sagging, respectively). The differences in both were significant (both *P* \< 0.001).

DISCUSSION {#s24}
==========

This study is the first to demonstrate changes in facial surface distances, surface areas, and volumes, as well as in the WSRS and FVS for wrinkle and jawline sagging in women who used the Pao device for 8 weeks by performing FMEuP on at least 6 days a week. Moreover, after FME, the FMT and CSA of the facial muscles increased, while facial surface distances, surface areas, and volumes decreased compared to the pre-FME values. Only the FMT of the left side of the levator labii superioris, the right side of the orbicularis oris, and the midfacial surface distances in the upper transverse plane had not changed significantly by the end of the study.

Previous studies suggested that FME lessens the nasolabial folds and thus contributes to facial rejuvenation.^[@CIT0008],[@CIT0017],[@CIT0030],[@CIT0031]^ The mean baseline length of a straight line measured by caliper between the nasolabial fold and the tragus was reduced after daily isotonic, isometric, and isokinetic FMEs and weekly facial massage and manipulation for 8 weeks, from 92.2 mm to 88.3 mm (*P* = 0.023) on the right and from 94.1 mm to 88.5 mm (*P* = 0.001) on the left.^[@CIT0031]^ Our data similarly showed significant bilateral reductions of the midfacial surface distance in the middle (right: *P* = 0.005, left: *P* = 0.047) and lower (right: *P* = 0.028, left: *P* = 0.019) transverse planes. The reduction in the facial surface distance along the nasolabial folds may reflect flattening of the surface or a decrease in the depth of the nasolabial folds. An increase in zygomaticus major muscle tension may result from the increasing CSA. The lack of a significant reduction of the midfacial surface distance in the upper plane (right: *P* = 0.358, left: *P* = 0.344) may have been due to the increased volume of the zygomaticus major, which may have increased the surface distance.

The reduction in the WSRS was significant (*P* = 0.025), as was the increase in the FVS for wrinkles (*P* \< 0.001). Recently, Shin et al^[@CIT0032]^ and Ascher et al^[@CIT0033]^ had blinded investigators to assess the effect of a dextran filler (mean improvement in WSRS from baseline: 1.50 ± 0.51) and different forms of hyaluronic acid (mean improvement in WSRS from baseline: 1.58 ± 0.89) on the correction of nasolabial folds. In our study, although the WSRS decreased significantly, the difference was small (from 2.592 ± 0.629 to 2.370 ± 0.708). Compared with the previous results, the change in the WSRS score in our study was relatively small. It might be difficult for the independent observer to detect a pronounced difference between the before vs after photographs of a 2-dimensional frontal plane view. There was a significant difference between the before and after LSS data in the 3-dimensional analysis, suggesting that the independent observer did find it hard to detect a difference between the before and after photographs. Improvement in the latter was visually apparent to both the study participants and the independent observer. A direct comparison of the results of our study with those of previous studies is difficult because of the different methods used to measure facial distance with respect to an improvement of the nasolabial folds and the fact that most other studies relied on subjective (mostly descriptive), not quantitative, assessments provided by the study participants themselves.^[@CIT0015]^ Therefore, a quantitative measurement is recommended, using more objective methods, to minimize the interrater variability compared with the WSRS.

The present study measured jawline surface distance and the lower quadrant surface area and volume bilaterally based on the corner of the mouth to confirm improvement in jawline sagging after FMEuP. A previous study demonstrated reduced sagging following 10 treatment sessions that included changing posture-lengthening muscles and reducing tension, cervical stretching, relaxation of the muscles, facial stretching, heat, manipulation maneuvers, facial exercises, and general tips related to bilateral chewing and hydration.^[@CIT0018]^ In another study, isotonic and isometric exercises, stretching, and facial and cervical manipulation were performed daily (at home) and in weekly 1 h sessions for 10 weeks; information on facial care was provided as well.^[@CIT0016]^ The improvement in sagging was assessed by the authors (pre- and posttherapy) based on visual observation aided by clinical photographs and videos; thus, the results cannot be readily compared to our own. In the present study, the jawline surface distance (right: *P* = 0.004, left: *P* = 0.003), surface areas of the lower facial quadrants (right: *P* = 0.005, left: *P* = 0.006), and the volume of these areas (right: *P* = 0.001, left: *P* = 0.002) decreased significantly after FME. These changes typically manifested as a reduction in and straightening of the jawline curve compared to before FME. Changes in jowl surface area can be achieved by treatments such as radiofrequency^[@CIT0034]^ and CO~2~ laser,^[@CIT0028]^ both of which have been used in an attempt to quantify posttherapy differences in the lower part of the face. However, the calculations made use of a photograph and not the actual contour of the jowl. The decrease in 2-dimensional jowl surface area demonstrated in this study is highly consistent with other clinical grading studies showing improvements in the lower part of the face.^[@CIT0034]^ By scanning the actual contour of the jowl using LSS, both the surface area and the volume could be quantified. The results showed a reduction in the surface area and volume of the lower part of the face after FMEuP. However, the differences in the surface area and volume of the lower part of the face, before vs after FMEuP, were in the negative range in 15 cases. The variation in individual body fat percentage or total body water, before and after, may have contributed to differences in the surface area and volume of the lower part of the face in response to FME, possibly affecting the results.^[@CIT0040]^ There was no way to know whether the subjects complied with the instructions to perform FMEuP on at least 6 days a week. This might explain the negative range, which could be due to failure to perform FMEuP on at least 6 days a week.

The decreases in facial surface distances, facial surface area, and lower face volumes after FMEuP can be explained as follows. First, increases in the FMT and CSA of the facial muscles after FMEuP contribute to firmer and more elastic facial skin. In our study, increases in the FMT and CSA of tested facial muscles were either significant or showed increasing trends bilaterally following the prescribed exercises, except the levator labii superioris on the left side and the orbicularis oris on the right side (*P* = 0.183). The levator labii superioris raises and pushes out the upper lip, while the orbicularis oris closes and holds the lip. The zygomaticus major draws the ends of the mouth upward and laterally. Among the suprahyoid muscles, the digastric muscle depresses the mandible and elevates the hyoid bone. The work by van Lieshout et al^[@CIT0009]^ reported that FME for 8 weeks increased facial muscle strength, as measured using the Facial-Flex device with fixed resistance, and decreased the biomechanical extensibility of the facial skin. They also showed that increased facial muscle strength was directly related to improved skin elasticity, as the facial muscles become stronger and shorten, causing the attached skin to become firmer and more elastic.^[@CIT0041]^ A reduction in the function of the mimetic facial muscles was shown to influence sagging.^[@CIT0042]^ Second, FMEuP may confer the proper intensity to the facial muscles through isometric contraction. Repetitive facial movements based on repeated facial muscle contraction with repeated folding of the facial skin leads to the appearance of wrinkles, which become prominent as the skin loses elastin and collagen with aging.^[@CIT0011]^ Isometric contraction of the mouth, as achieved by forming an "O" to hold the mouthpiece of the Pao device, may reduce the adverse effects of FME by regulated, repetitive facial movements. Fourth, the oscillatory movement achieved by nodding the head while holding the Pao device with the mouth may contribute to an increase in the number of motor units of the facial muscles. Previous studies suggested that oscillatory movements increase muscle spindle activity such that there is less muscle fiber disruption of excitation-contraction coupling^[@CIT0043]^ whereas muscle preactivation is enhanced, increasing the number of motor units and muscle fibers recruited.^[@CIT0044]^

FMEuP was performed for 8 weeks. Generally, strength increases are mostly due to neural adaptation that synchronizes firing and increases the recruitment of motor units before the onset of muscle hypertrophy, usually over a period of 8 weeks, or in 2 to 3 weeks with very high-intensity resistance exercise.^[@CIT0045]^ Hypertrophy is an increasingly important adaptation that explains the strength increase in muscle.^[@CIT0045]^ Because FMEuP would not be of sufficiently high intensity to produce hypertrophy of the facial muscles, we chose 8 weeks as the duration of the FMEuP regimen.

Previous studies reported that the detraining effect begins within 2 weeks.^[@CIT0048],[@CIT0049]^ Because of the reversibility principle, detraining could begin within 1 to 2 weeks after the cessation of exercise and continue until the training effects disappear.^[@CIT0045],[@CIT0049]^ A further study should examine the detraining effect in facial muscle, which we postulate would show a detraining effect. Therefore, a follow-up session is necessary to determine how long the effect of FMEuP lasts.

Although our study confirmed that FME was effective for reducing the signs of aging, it had several limitations. First, a control group is needed, with random patient assignment, to allow comparison of the results between control and experimental groups. Second, although we confirmed the effect of FMEuP for 8 weeks, by increasing and extending the checkup session, expeditious FME, and retention of the effect of the FMEuP could be detected more precisely. Third, all of the participants were women. Whether the benefits of FME extend to men remains to be determined. Third, we did not measure facial hyaluronic acid levels, facial skin mechanical properties, or facial muscle strength. These are important factors in facial rejuvenation and their evaluation should be included in future studies.

CONCLUSION {#s25}
==========

We investigated whether FMEuP using the Pao device influenced the FMT and CSA of the facial muscles, facial surface distances, facial surface areas and volumes, and the WSRS and FVS for wrinkles and a sagging jawline. Our results demonstrated beneficial effects of FMEuP on facial rejuvenation.
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